Objective-To determine the reliability of the Cybex 6000 isokinetic dynamometer in measuring the knee muscle performance concentrically and eccentrically. Methods-18 male and 12 female subjects with no previous knee injuries, who had not previously undergone any isokinetic testing, were studied. The flexor and extensor muscles groups of both knees were tested at 600 s5' and 1200 s51 with the continuous concentric-eccentric cycle testing protocol. Variables studied included peak torque, total work, and average power. The interclass correlation coefficient (ICC 2,1) was used to determine the reliability with P < 0 05. Results-Peak torque showed significandy greater ICC than the total work and average power, with test-retest reliability ranging from 0-82 to 0 91 for peak torque, from 0-76 to 0-89 for total work, and 0-71 to 0-88 for average power. Average variability for the three variables studied ranged from 9% to 14%. The ICCs for the three variables studied were significantly greater at 1200 s-'. The concentric reliability, and Steiner et al,1 in subjects both with and without tibio-femoral pathology, reported moderate to excellent reliability in average peak torque (ICCs 0-58 to 0 96), total work (ICCs 0-63 to 0 93), and power (ICCs 0-67 to 0 93) for knee eccentric muscle performance.
candy greater ICC than the total work and average power, with test-retest reliability ranging from 0-82 to 0 91 for peak torque, from 0-76 to 0-89 for total work, and 0-71 to 0-88 for average power. Average variability for the three variables studied ranged from 9% to 14%. The ICCs for the three variables studied were significantly greater at 1200 s-'. The Recently, Frontera et al studied test-retest reliability of the knee extensor and flexor muscles in 178 45 to 78 year old subjects of both sexes using the Cybex II+ dynamometer. '9 They concluded that at least two tests should be performed to determine average peak torque accurately in older subjects.
Bandy and McLaughlin'7 studied the intraand interdynamometer reliability of concentric muscle contraction using the Cybex II+ and the Cybex 6000, concluding that the two dynamometers were comparable when measuring concentric muscle contraction.
In this study we determined the reliability of the Cybex 6000 isokinetic dynamometer by measuring knee flexor and extensor muscle performance both concentrically and eccentrically.
Methods
The knee flexor and extensor muscle groups of the dominant and non-dominant knee were tested in 18 males (age 27, SD 6-9 years) and 12 females (age 26, SD 5-8 years) (table 1) with no previous knee injury. Dominance was determined by asking the subjects to kick a ball placed in front of them. None of the subjects had previously undergone isokinetic testing. The knee extensor muscle group of the dominant limb was tested first at 60°s-', and then at 1200 s'1, with a 2 min rest between the two speeds. Each subject was instructed to extend the knee from 90°to 50 of flexion against the shin pad of the dynamometer arm during the concentric phase, and then to resist the dynamometer as it pushed in the opposite direction from 50 to 900 of knee flexion during the eccentric phase.
After a 3 min rest, the dominant knee flexor muscle group was tested. Each subject was instructed to flex the knee from 50 to 900 during the concentric phase, and then to resist the dynamometer from 900 to 50 of knee flexion during the eccentric phase. The non-dominant knee was then tested in exactly the same manner as the dominant one after a 5 min rest.
DATA ANALYSIS
Although it is acknowledged that there can be significant interactions between dominant and non-dominant sides, the results for each limb were considered separately. Data were entered in the Microsoft Excel V.4.0 database.39 Descriptive statistics was calculated. A paired t test was used to compare the averages of all the individual variances between the two tests.
The interclass correlation coefficient (ICC 2,1) was used to determine the reliability of peak torque, average torque, total work and average power obtained from each test.
The percentage difference for all the variables between the two tests were calculated using the formula:
Result of the 1st test -result of the retest X 100
Result of the 1st test
Significance was set at P = 0 05.
Results
Descriptive statistics concerning peak torque, total work, and average power for all the muscles tested in males and females in both tests, and the percentage difference between the two tests, are given in tables 2, 3, and 4.
Males were significantly stronger than females, and were able to produce a higher total work and to express a significantly higher average power during the tests (Student's t test, 0 05 <P < 0-001) (tables 2, 3 and 4).
No significant dominance or gender differences were found in the ICC values for peak torque, average torque, total work, and average power between the two tests (P > 0 05, paired t test).
All the variables studied (peak torque, total work and average power) showed high reliability between the two tests with a significance of less than 5% (tables 5 and 6). The averages of the percentage differences for peak torque were 9-5(SD 2-07)% for the knee extensor muscle group and 9-02(3 18)% for the knee flexor muscle group; for total work the values were 11 9(3 95)% for the knee extensor muscle group and 13-7(2-58)% for the knee 0-83 flexor muscle group; and for average power, they were 12-7(3-44)% for the knee extensor muscle group and 14-1(1P93)% for the knee flexor muscle group.
Discussion
In this study, we used a continuous concentriceccentric test cycle', as it should reflect physiological activities during which different muscle actions are employed cyclically, rather than isolated concentric or eccentric actions. A slight modification of the original protocol2 33 was to increase the number of repetitions from three to five to maximise the chances that maximum strength production would occur after the third contraction. 18 32 40 In agreement with previous studies,2 10 1117 41 42 peak torques of both knee extensor and extensor muscle groups obtained from continuous concentric-eccentric cycles at the angular velocity of 600 s-1 and 120°sol were highly reliable (ICCs 0-82 to 0 92). Total work and average power reliability during knee extension and flexion was also high.2 1O In most instances, the ICCs of peak torque at 1200 s-' were greater than those at 600 s-1 (table 1) ,2 in contrast with the report of Steiner et al.1 A possible reason for this observation is that subjects found it more difficult to maintain maximum effort throughout the entire range of motion at the slower speed. This would also explain why the reliability of total work and average power were greater at the faster speed.
The majority of concentric peak torque and total work ICCs tended to be higher than those obtained with eccentric contraction modes,"I while the average concentric and eccentric power ICCs were similar.2 Although eccentric muscle action is physiologically part of normal activity, eccentric testing is unusual, possibly resulting in inhibition of maximum contraction in unaccustomed individuals. This may explain why eccentric muscle tests showed lower reliability than concentric tests.
When considering the different muscle groups, the ICCs associated with knee extension were greater than those produced by knee flexion. Also, ICCs tended to be slightly higher in males. The ICCs associated with total work and average power tended to be lower than those associated with peak torque. In the present study, we found differences ranging from 9 0% to 9.5% for average peak torque, from 11-9% to 13-7% for total work, and from 12-7% to 14-1% for average power. Some fluctuation should be allowed when evaluating changes of muscle performance between tests, as even a 15% change between two tests may not constitute a significant improvement or deterioration in muscular performance.'
In conclusion, the Cybex 6000 isokinetic dynamometer shows high reliability in measuring isokinetic concentric and eccentric peak torque, total work, and average power of knee extensor and flexor muscle groups at the angular velocities of 600 s-' and 1200 s-' when using the continuous concentric and eccentric cycle. Isokinetic concentric strength measurements were more reliable than the measurements of eccentric strength. The ICCs for the three variable studies were greater at 1200 s-1 than at 600 s-'. The 
